Revised. Amendments from Version 1
==================================

We thank the reviewers for their helpful comments. We have revised our manuscripts according to the suggestions, which has strengthened our paper. Specifically, we provided additional information relating to the experimental animals (including information on the number of mice we used in each group), added additional graphs in Fig. 1 to show statistical analysis comparing groups, and replaced Fig. 2C with a more representative picture. We also modified the introduction to stress that our current results are not easily foreseeable by our previous publication and that this work is a significant addition to the literature.

Introduction
============

Antibodies to nuclear antigens such as DNA and the RNA-related Sm/RNP antigen are characteristically produced in patients with systemic lupus erythematosus (SLE), a prototype of systemic autoimmune diseases, and play a role in the development of this autoimmune disease ^[@ref-1]--\ [@ref-3]^. How B cells reactive to nuclear antigens are regulated has been extensively studied using transgenic (Tg) mice expressing auto-antibodies against DNA and RNA components, especially the anti-DNA H chain-Tg mouse lines 3H9 and 56R ^[@ref-4]--\ [@ref-9]^. Studies using these auto-antibody-Tg mice demonstrated that self-reactive B cells that produce autoantibodies to nuclear antigens are deleted by apoptosis (clonal deletion) ^[@ref-10]^, are functionally inactivated (clonal anergy) ^[@ref-11]^ or change antigen specificity by immunoglobulin (Ig) V gene replacement (receptor editing) ^[@ref-8],\ [@ref-12]^, in the bone marrow before they migrate to the peripheral lymphoid organs. These self-tolerance mechanisms appear to be involved in the prevention of autoantibody production in normal individuals.

CD40 is a member of the tumor necrosis factor (TNF) receptor family expressed in immune cells including B cells and dendritic cells ^[@ref-13]^. Upon interaction with its ligand, CD40L (CD154), expressed mainly by activated T cells, CD40 transmits survival and activation signals in B cells ^[@ref-13],\ [@ref-14]^. In both patients with SLE and in SLE mouse models, CD40L is overexpressed by T cells and ectopically expressed in B cells ^[@ref-15]--\ [@ref-17]^, and this excess CD40L expression appears to play a role in development of SLE, as treatment with antagonistic anti-CD40L antibody markedly reduces the severity of the disease in both humans and mice ^[@ref-18]^.

Using CD40L/56R double transgenic mice expressing both the anti-DNA H chain 56R and CD40L in B cells, we previously demonstrated that anti-Sm/RNP B cells are regulated by a novel tolerance mechanism in peripheral lymphoid tissue, i.e., deletion in splenic marginal zone (MZ), and that the MZ deletion is perturbed by excess CD40L ^[@ref-19]^. In 56R mice, B cells that produce anti-Sm/RNP antibody appear in the splenic MZ, and are subsequently deleted there by apoptosis. When 56R mice are crossed with CD40L-Tg mice in which CD40 signaling is constitutively generated in B cells ^[@ref-20]^, MZ deletion of anti-Sm/RNP B cells is perturbed, resulting in autoantibody production ^[@ref-19]^. As anti-Sm/RNP antibodies are implicated in the pathogenesis of SLE ^[@ref-1],\ [@ref-2]^, MZ deletion appears to be important for preventing the development of SLE through deletion of pathogenic self-reactive B cells. Hence, a defect in MZ deletion by excess CD40L ^[@ref-19]^ could play a role in the development of lupus by inducing the production of pathogenic anti-Sm/RNP antibody.

Some self-reactive B cells including a part of anti-DNA B cells are silenced by clonal anergy in which B cells persist in the peripheral lymphoid organs but are unresponsive to antigen stimulation. Anergized self-reactive B cells are excluded from follicles or the MZ of the spleen. Instead, they are located in the red pulp and the T cell zone of the spleen, especially in the border between the T cell zone and the follicles, and undergo apoptosis ^[@ref-21]^. Ig λ1 L chain ^+^ B cells in the anti-DNA H chain-Tg mouse line 3H9 are reactive to DNA and are anergized ^[@ref-9],\ [@ref-22],\ [@ref-23]^. Previously, we demonstrated that excess CD40L does not induce anti-DNA antibody production in 3H9 mice ^[@ref-19]^. Nonetheless, it is possible that anti-DNA B cells in these mice are rescued from anergy by excess CD40L but are tolerized by some other mechanism as there are multiple tolerance mechanisms at different developmental stages of B cells. To address whether excess CD40L can reverse the anergy of self-reactive B cells, we crossed CD40L-Tg mice with 3H9 mice and examined the percentage and localization of Ig λ1 ^+^ B cells. Our results demonstrated that excess CD40L does not expand anergized anti-DNA B cells or reverse their follicular exclusion, indicating that excess CD40 does not reverse anergy of self-reactive B cells. As excess CD40L does perturb MZ deletion of anti-Sm/RNP B cells, clonal anergy appears to be distinct from MZ deletion, although both of them induce apoptosis of self-reactive B cells in peripheral lymphoid tissue.

Materials and methods
=====================

Mice
----

The conventional Tg mouse line expressing the H chain of the anti-DNA antibody 3H9 on the BALB/c background ^[@ref-5]^ was a kind gift of Dr. M. Weigert (The University of Chicago). We previously generated CD40L-Tg mice on the C57BL/6 background ^[@ref-20]^. CD40L-Tg mice were crossed with 3H9-Tg mice to generate wild type, 3H9-Tg and CD40L/3H9 double Tg mice on (BALB/c × C57BL/6)F1 background. Mice were genotyped by PCR reaction using specific pairs of primers for the CD40L and 3H9 transgenes, respectively ^[@ref-14],\ [@ref-19]^. All mice were housed and bred at our specific pathogen-free facility. Groups of 3 mice were kept in conventional shoebox-type polycarbonate cages, which were changed every 7 days. All animals were provided with food (CE-2, CLEA Japan, Inc.) and water *ad libitum* and were maintained on a 12-hour light/dark cycle. All procedures followed the guidelines of Tokyo Medical and Dental University for animal research and were approved by Institutional Animal Care and Use Committee, Tokyo Medical and Dental University. For each of 3H9, CD40L and CD40L/3H9-Tg mice, 3 or 4 female mice at 11--34 weeks of age were analyzed by flow cytometry and immunohistochemistry, respectively. Mice were euthanized by cervical dislocation after CO2-induced unconsciousness and whole spleens were removed aseptically.

Flow cytometry
--------------

Spleens were finely minced over a wire mesh, and spleen cells were collected and suspended in PBS containing 2% FCS (Cell Culture Bioscience, Japan) and 0.1% NaN ~3~ ( [Nacalai Tesque, Inc.](http://www.nacalai.co.jp/), Japan). Cells (1 × 10 ^7^/ml) were then stained with the following antibodies and reagents. The dilutions at which the antibodies were used are indicated in parentheses. Alexa Fluor 647-conjugated rat anti-mouse B220 (RA3-6B2, BioLegend, USA) (1:100), Pacific Blue-conjugated anti-mouse Ig λ1 (LS-136, a kind gift of Dr. G. Kelsoe at Duke University) (1:100) ^[@ref-24]^ and FITC-conjugated goat anti-mouse Ig λ chain antibody (Cat No. 1060-02, Southern Biotech, USA) (1:1000). Lymphoid cells were gated by FSC/SSC dot plots, and analyzed on a CyAn ADP flow cytometer (Beckman Coulter, USA).

Immunohistochemistry
--------------------

Tissues were embedded in Tissue-Tek O.C.T. compound (Sakura Finetek U.S.A., Inc., U.S.A.), snap-frozen in liquid nitrogen, and stored at −80°C. Cryostat (Cryostat 1720, Leica Microsystems GmbH, Germany) sections of 5 μm in thickness were mounted onto micro slide glass (Matsunami Glass Ind. Ltd., Japan), air dried, and fixed in acetone at room temperature for 20 min. The sections were incubated with blocking buffer (PBS containing 2.0% (wt/vol) FCS (Cell Culture Bioscience, Japan), 0.05% NaN3 ( [Nacalai Tesque, Inc.](http://www.nacalai.co.jp/), Japan)) for 30 min and were stained at room temperature for 60 min with biotin-conjugated rat anti-mouse MOMA-1 (Cat No. T-2021, BMA Biomedicals, Switzerland), Alexa Fluor 647-conjugated streptavidin (Cat No. S21374, Invitrogen, USA), Pacific Blue-conjugated rat anti-mouse B220 (RA3-6B2, BioLegend, USA) and FITC-conjugated goat anti-mouse λ chain antibody (Cat No. 1060-02, Southern Biotech, USA). All the antibodies and reagents were used at a 1:100 dilution.

Statistical analysis
--------------------

Spleen cells were compared between animals. Statistical analysis of data by two-tailed Student *t* test was performed using Prism 5.0 software (GraphPad). *p* \< 0.05 was considered statistically significant.

Results
=======

Excess CD40L fails to expand anergized anti-DNA B cells
-------------------------------------------------------

To address whether excess CD40L perturbs clonal anergy of anti-DNA B cells, we crossed CD40L Tg mice with 3H9 mice, because B cells expressing Ig λ1 L chain and 3H9 H chain are reactive to DNA and show characteristics for anergy including follicular exclusion, shortened life span and failure of antibody production ^[@ref-23]^. When spleen B cells of wild type, 3H9 Tg and CD40L overexpressing CD40L/3H9 double Tg, mouse lines were analyzed by flow cytometry, the percentage of λ1 ^+^ B cells in total B cells expressing a B cell marker B220 was markedly reduced in 3H9 mice compared to wild type mice ( [Figure 1A](#f1){ref-type="fig"}) (p \< 0.01) as λ1 ^+^ B cells in 3H9 but not wild type mice are self-reactive. The percentage of λ1 ^+^ B cells in CD40L/3H9 double Tg mice was equivalent to that in 3H9 mice, indicating that excess CD40L does not expand anergized anti-DNA B cells.

![Excess CD40L does not expand anergic anti-DNA B cells in 3H9 mice.\
Spleen cells from 11- to 34-wk-old wild type (WT), 3H9, and CD40L/3H9 mice were stained for B220 ( **A** and **B**), Ig λ1 chain ( **A** and **B**) and Ig λ chain ( **B**), and B220 ^+^ cells were analyzed by flow cytometry. Percentages of λ1 ^+^ cells in total B220 ^+^ cells ( **A**), percentages of λ ^+^ cells in total B220 ^+^ cells ( **B**, upper panel) and percentages of λ1 ^+^ cells in total λ ^+^ cells ( **B**, lower panel) are indicated (left panels). Representative data from three independent experiments. Graphs show mean ± SD, three mice per genotype (right panels). \* p\<0.05, \*\* p\<0.01, ns = not significant.](f1000research-2-3592-g0000){#f1}

When we used anti-λ antibody that reacts to multiple Ig λ chain subtypes such as λ1 and λ2, the percentage of total λ ^+^ cells were only slightly higher than that of λ1 ^+^ cells in wild type, 3H9 and CD40L/3H9 mice ( [Figure 1A and B](#f1){ref-type="fig"} upper panels), suggesting that most of the λ ^+^ cells express the λ1 subtype in all these mice and are thus reactive to DNA. This is confirmed by determining percentage of λ1 ^+^ cells in total λ ^+^ cells. In both 3H9 and CD40L/3H9 mice, the percentage of λ1 ^+^ cells in total λ ^+^ cells is slightly reduced compared to that in wild type mice (p \< 0.05 and 0.01, respectively), but λ1 ^+^ cells constitute the majority of the λ ^+^ cells in these mice as well as wild type mice ( [Figure 1B](#f1){ref-type="fig"} lower panels).

Excess CD40L does not reverse follicular exclusion of anergized anti-DNA B cells
--------------------------------------------------------------------------------

To address whether excess CD40L reverses follicular exclusion of anergized anti-DNA B cells, we examined spleen sections of 3H9 and 3H9/CD40L Tg mice using an anti-λ antibody but not anti-λ1 antibody, as the anti-λ1 antibody did not yield any staining when used for immunohistochemistry. Nonetheless, most of the B cells stained with anti-λ antibody in these mice express λ1 ( [Figure 1B](#f1){ref-type="fig"}, lower panels) and are thus reactive to DNA. In wild type spleen, λ ^+^ cells were located mostly in the follicle where B220 ^+^ B cells accumulate ( [Figure 2A](#f2){ref-type="fig"}). In contrast, λ ^+^ cells were found mostly in the border between T cell zone and follicle, T cell zone and red pulp in both 3H9 and CD40L/3H9 spleens ( [Figure 2B and C](#f2){ref-type="fig"}), indicating that anti-DNA B cells are excluded from follicles in CD40L/3H9 mice as well as 3H9 mice. Thus, excess CD40L does not reverse follicular exclusion of anergized anti-DNA B cells.

![Excess CD40L does not reverse follicular exclusion of anergic anti-DNA B cells in 3H9 mice.\
Sections of spleen from 11- to 34-wk-old wild type (WT) ( **A**), 3H9 ( **B**), and CD40L/3H9 ( **C**) mice were stained for MOMA-1, a marker for a subset of splenic macrophages (red), B220, a B cell marker (blue), Ig λ L chain (green), and analyzed by confocal microscopy. Ig λ ^+^ B cells in 3H9 mice are DNA-reactive. B cells positive for B220 are located in the follicles, and MOMA-1 ^+^ macrophages are located at the outer part of the follicles. T cell zone and red pulp are located inside and outside of the follicles, respectively. Representative data from four independent experiments. Four mice in each group were analyzed. Original magnifications, 20X. Scale bar (yellow line): 100 μm.](f1000research-2-3592-g0001){#f2}

Flow cytometry data of spleen cells from wild type, 3H9-transgenic and CD40L/3H9 double transgenic miceData 1. Flow cytometry analysis of spleen cells from wild type, 3H9-transgenic and CD40L/3H9 double transgenic mice. Spleen cells were obtained from wild type (A and D), 3H9-transgenic (B and E), and CD40L/3H9 double transgenic mice (C and F). Cells were stained with Alexa Fluor 647-conjugated (FL 8 channel) rat anti-mouse B220 and Pacific Blue-conjugated (FL 6 channel) anti-mouse Ig λ1(LS-136), and with (D-F) or without (A-C) FITC-conjugated (FL 1 channel) goat anti-mouse Ig λ chain. Lymphoid cells were gated by FSC/SSC dot plots and the B220+ cells were analyzed on a CyAn ADP flow cytometer (Beckman Coulter, USA).Click here for additional data file.

Microscopy data of spleen cells from wild type, 3H9-transgenic and CD40L/3H9 double transgenic miceData 2. Fluorescent microscopic analysis of spleen sections from wild type, 3H9-transgenic and CD40L/3H9 double transgenic mice. Spleen sections were obtained from wild type (A), 3H9-transgenic (B), and CD40L/3H9 double transgenic mice (C). Tissue sections were stained with biotin-conjugated rat anti-mouse MOMA-1, Alexa Fluor 647- conjugated streptavidin (red), Pacific Blue-conjugated rat anti-mouse B220 (green) and FITC-conjugated goat anti-mouse λ chain (blue) antibody. Fluorescent images were obtained with a Zeiss LSM 510 META laser scanning confocal microscope.Click here for additional data file.

Discussion
==========

In this study, we crossed CD40L-Tg mice with anti-DNA H chain-Tg 3H9 mice, and demonstrated that the percentage and location of λ1 ^+^ anergic anti-DNA B cells are not altered in CD40L/3H9 double Tg mice compared to those in 3H9 mice, suggesting that anergy of λ1 ^+^ anti-DNA B cells is not reversed in CD40L/3H9 mice. This result is consistent with our previous finding that CD40L/3H9 mice do not produce anti-DNA antibodies in sera, whereas another anti-DNA H chain Tg mouse line 56R in which self-reactive B cells are deleted at MZ did produce autoantibodies in sera when crossed with the same CD40L Tg mice ^[@ref-19]^. Thus, excess CD40L does not perturb anergy of anti-DNA B cells.

Although excess CD40L fails to perturb clonal anergy of anti-DNA B cells in 3H9 mice, anergic B cells are not insensitive to CD40L. A previous study by Lesley *et al.* demonstrated that anergic self-reactive B cells expand by receiving stimulation from a low level expression of CD40L in unstimulated T cells ^[@ref-25]^. Thus, anergic B cells sensitively respond to a low level CD40L expression, but do not further respond to excess CD40L expression. The mechanisms behind this phenomenon however, are not yet clear.

Using the same CD40L-Tg mice that we used in the present study, we previously demonstrated that excess CD40L inhibits apoptosis of anti-Sm/RNP B cells in MZ, and that excess CD40L induces autoantibody production ^[@ref-19]^. This suggests that MZ deletion is distinct from clonal anergy, although both anergic B cells and B cells that are deleted in MZ appear in peripheral lymphoid tissue and are eliminated by apoptosis.

Like CD40L, B cell activating factor (BAFF), another member of the TNF ligand family, induces B cell survival and is overexpressed in patients with SLE ^[@ref-26]--\ [@ref-28]^ and its mouse models ^[@ref-29],\ [@ref-30]^. Anergic B cells show increased dependency on BAFF for survival, and this increased dependency appears to be involved in rapid elimination of anergic B cells by competition with non-self-reactive B cells ^[@ref-31],\ [@ref-32]^. In the presence of non-self-reactive B cells, anergic B cells may not be able to interact with a sufficient level of BAFF required for their survival, due to competition for a limited amount of BAFF ^[@ref-32]^. Nonetheless, excess BAFF fails to fully reverse anergy of self-reactive B cells. Lesley *et al*. ^[@ref-31]^ demonstrated that excess BAFF expands anergic B cells but fails to reverse follicular exclusion. Thien *et al*. ^[@ref-32]^ demonstrated that excess BAFF expands and reverses follicular exclusion in only anergic B cells with intermediate affinity but not those with high affinity. In contrast, cognate T cell help perturbs follicular exclusion and induces autoantibody production in anergic self-reactive B cells ^[@ref-33]^. Thus, reversing clonal anergy requires strong T cell help, and excess BAFF or CD40L alone may be insufficient. In contrast, we previously demonstrated by crossing the CD40L-Tg mice with another anti-DNA H chain Tg mice 56R that excess CD40L perturbs MZ deletion of self-reactive B cells and induces autoantibody production, suggesting that MZ deletion is more sensitive to a tolerance break than clonal anergy ^[@ref-19]^. As excess CD40L is found in patients with SLE and various SLE model mice, MZ deletion is likely to be defective in lupus, and its defect may be involved in development of lupus.

We thank Dr. Martin Weigert for the 3H9 mice, and Dr. Garnett Kelsoe for the anti-mouse Ig λ1 antibody producing hybridoma cells (LS-136).
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The paper has been much improved, as it now provides more data on the statistical significance of the findings. Overall, this is a straightforward, though somewhat limited study. I now find it acceptable without further changes.
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The paper by Aslam, Kishi and Tsubata addresses an interesting question about the effects of bystander stimulation through CD40L on immunological self tolerance of B cells. Previous studies from this group showed that transgene-enforced CD40L expression on B cells promoted a lupus-like autoimmunity in mice with a polyclonal B cell population. A later study showed that autoreactive B cells in a transgenic mouse with a restricted antibody repertoire biased to DNA reactivity (mice carrying 3H9-56R DNA-reactive H-chain) were promoted to central tolerance in the presence of excess CD40L, whereas 3H9-H mice lacking that mutation, while still expressing a repertoire biased to autoreactivity, failed to show a clear break in tolerance.

The present study is a rather minor addition to this body of work, providing additional data on the fate of B cells expressing a λ1 light chain partner, which have high anti-DNA affinity when expressed with 3H9H. The data show that 3H9H/λ1 B cells are not rescued in their development or altered in their anatomical localization (follicular exclusion) when developing in an environment with excess B cell-expressed CD40L. The data are consistent with the earlier, more extensive study, but do provide some new information. However, the data shown have no indication of reproducibility or provide more than a single mouse per group. There is no molecular characterization of the cells to verify that the receptor expression expected is indeed confirmed. Overall, this is an incremental contribution to the literature.

I have read this submission. I believe that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable scientific standard, for reasons outlined above.
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This report from Aslam *et al.*, provides data on the lack of an effect of over-expression of CD40L on the number and location of anergic 3H9 B cells that respond to DNA. This follows on from their [2012 PNAS](http://www.pnas.org/content/109/20/7811.full) study which used similar methods investigating the effects of CD40L on anergic B cells from 56R mice.

The paper is well constructed and all sections are clear. However, I believe that the data could be presented in a manner more helpful to the reader and provide a firmer foundation for their conclusions. I think that these changes (especially those concerning figure 2) are necessary to substantiate their conclusions and abstract.

Both figure legends should contain information on how many mice were used in each group. This information is essential for all publications involving animal work and is necessary to allow proper judgment of data. Whilst the methods do state that the mice are caged in groups of 3 this is within the details of animal husbandry and, as such, it is not clear if this related to the experimental group size.

In addition to the representative flow cytometry plots provided Figure 1A and B would benefit from a graph that shows the percentage of splenic Ig λ1 L chain B cells of each mouse in the experiment. This would provide an opportunity to be made aware of the variation between the mice within each group as well as compare between groups. If there are sufficient mouse numbers a statistical analysis comparing groups would also be useful.

I am puzzled by the choice of images for Figure 2. Firstly, due to the shape of the follicle it is difficult to compare the location of Ig λ L chain cells in 2C with those in 2A and B. As the follicular exclusion of λ L chain B cells within the CD40L/3H9 mouse is a key conclusion of this paper it would be helpful for the reader if 2C was replaced with a representative white pulp area that provides a clearer demarcation between follicle and the T zone. Secondly, I would suggest that Figure 2B makes it appear that the 3H9 mice have substantially fewer Ig λ L chain B cells than the CD40L/3H9 mice shown in Figure 2C. If it is representative of all 3H9 spleens I do not think that this corroborates the conclusions drawn from Figure 1. As they stand the images make my suggestions regarding an extra graph for Figure 1, and the mouse numbers used, more compelling.

Without these changes I cannot truly say that the title and conclusions are appropriate. However, these are quick changes and I trust that it is just a bad image choice.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
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The brief report by Aslam *et al*. develops a theme that was the initial focus of the Tsubata lab in the early 90's. The authors follow up on the observation that CD40L is overexpressed on T cells in SLE patients and, ectopically, on B cells. As CD40L provides an important second signal to B cells, the question was whether it can overcome negative regulation of certain B cell states. The current work continues upon  [Kishi *et al*. (PNAS 2012)](http://www.ncbi.nlm.nih.gov/pubmed/22547827) who used anti-DNA transgenic mice to examine the effect of CD40L overexpression on the regulation of autoreactive B cells. Kishi *et al.* established that an avid anti-DNA transgene, 56R, led to B cell sequestration in the splenic marginal zone (MZ) and death by apoptosis. CD40L overexpression was able to inhibit apoptosis in the MZ and allow expression of certain H/L pairs, most notably those with anti-Sm specificity. Here, the authors use a closely related anti-DNA H chain, 3H9, which is of lower affinity for DNA compared to 56R.

Dozens of labs have used the 3H9 and the 56R H-chain transgenic mouse lines which have become emblematic for the type of H chain that is immunodominant and -- with different L chains -- has the potential to encode a range of self-specificities, including anti-DNA, anti-phospholipid, anti-nucleosome and also anti-apoptotic cell antibodies. Earlier work by the Erikson lab had established that 3H9VH in combination with λ1 gives a B cell receptor that induces anergy and leads to a characteristic extrafollicular localization. Aslam *et al*. observe that the 3H9/λ1 combination produces the same number of splenic B cells whether or not it is crossed to CD40L and that the splenic location of the single and double transgenic B cells is identical.

The significance of this work is that it draws an important distinction between tolerance mechanisms that result in anergy vs. MZ deletion. Only the latter is sensitive to rescue by CD40L signals. This serves to clarify important characteristics of splenic B cell regulation. It will be informative to follow these studies with additional approaches to test whether B cell signalling pathways are perturbed by the presence of CD40L, whether increased CD40L expression on B or T cells is involved in suppressing apoptosis in the MZ, and whether CD40L overexpression could affect other types of 56R "incomplete editing" such as in the case of intracellular Golgi retention that is observed with 56R and Vk38c and λX L chains.

The title is appropriate for the content of the article and the abstract represents a suitable summary of the work. 

The design, methods and analysis of the results from the study have been explained and they are appropriate for the topic being studied. The conclusions are sensible, balanced and justified on the basis of the results of the study and enough information has been provided to be able to replicate the experiment.
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